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1 The model 

We consider the model governed by the action 

S= [ d D z^\g~\{R[g]-2K-h a pg MN d MV a d N ^ (1) 

J M 

_^^L CX p[2A Q (^)](^)2}, 

where g = gntNdz M €5 dz N is the metric, ip = (<p a ) £ H ( is a vector from dilatonic 
scalar fields, (h a p) is a non-degenerate I x I matrix (I S IN), 6 a = ±1, F a = dA a 
is a n a -form (n a > 1) on a /^-dimensional manifold M, A is cosmological constant 
and A a is a 1-form on 1R,': A (<p) = A aQ </? Q , a 6 A, a — 1, . . . , I. In (0) A is some 
finite set. In the models with one time all 9 a — 1 when the signature of the metric 
is 

We consider the manifold 

M = M x ... x M n (2) 

with the metric 

n 

s = e 2 ^y+5> 2 ^y, (3) 

i=l 

where g° = g l ^ ll ,(x)dx fl (8 dx v is an arbitrary metric with any signature on the 
manifold Mq and g l = g % m . n . {yi)dy™ i ^dy™* is a metric on Mj satisfying the equation 

RnnmW] =&9in ini , ( 4 ) 

wii,n{ — 1, . . . , df, £i = const, (thus, (Mi, g l ) is Einstein space) i = 1, . . . , n. The 
functions 7, c/f : Mo — > IR are smooth. 

Each manifold Mj is assumed to be oriented and connected, i = 1, . . . , n. Then 
the volume d^-form Tj = dj/j 1 A ... A dy* and the signature parameter 

e(i) = signdet((7* n . n .) = ±1 are correctly defined for alH = 1, . . . ,n. 

Let Sl be a set of all subsets of Jo = {1, ... , n}. For any I — . . . , ik} G O , 
ii < .. . < ife, we define a form 

r(J]=ii l A...Ai5 ll (5) 



of rank d(I) — di ± + . . . + di h , and a corresponding p-brane submanifold Mj = 
Mjj x ... x Mi fe , where p = d(I) — 1. We also define e-symbol e(I) = e(ii) ■ ■ . e(ifc). 
For J = we put r(0) = e(0) = 1, d(0) = 0. 

For fields of forms we adopt the following " composite electro-magnetic" ansatz 

pa _ p(a,ej) _|_ p(a,m,J) ^ ^ 



ien a e Jen a 



where 

f (a,eJ) =# (« ! /) AT ( J ) j ^ 
F (a,m,J) _ e -2A a (< (5 ) ^ ^ $ (a,m,J) A r (j^ ^ (g) 

a G A, 7 G f2 Q , e , J G Q a ,m and fi Q , e ,f2a,m C O . In (||) * = *[g] is the Hodge 
operator on (M,g). 

For the potentials in (^), (0) we put 

<I> S = <S> s (x), (9) 

seS, where 

S = 5 e US mi S v =]J{a}x{v}xQ atV , (10) 



v = e, to. 

For dilatonic scalar fields we put 

<fP = <p a (x), (11) 

a = 1, . . . ,1. 

^From (0) and (||) we obtain the relations between dimensions of p-brane world- 
sheets and ranks of forms: d(I) = n a — 1, 7 G fi 0je ; d(J) = 7)— n a — 1, J € Q a ,m, 
in electric and magnetic cases respectively. 



2 Sigma model representation 



We consider the case dg = dimil7o ^ 2 and use generalized harmonic gauge 

n 

(dj = dinaM,). For the model under consideration the equations of motion and 
Bianchi identities dF s — 0, s e S ', are equivalent to the equations of motion for the 
(j-model with certain constraints imposed 
The cr-model action reads cl 

S*= f d d "xy/\g^\\ R[g°] - G ijg ° ^8^8^ - 2V(<j>) ~ c\, (2) 

J M 1 ' 
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where 

G« = «W« + (3) 

are the components of the (" purely gravitational" ) midisuperspace metric on ]R™ 0, 
i,j = l,...,n, and 

V = V{cf>) = Ae 2 ^ - i ei*e- 20 * +27oW (4) 



2 

i=l 



is the potential and 



C = h aP g Q ^d^duiffi +J2J2 £s exp(-2C/ s ).g° » v d^ s d v $ s . (5) 

Here 

L/ s = tf s (<^) = - Xs A a >) + I>^> ( 6 ) 

s s = (- £ [.9]) (1 - Xs)/2 e(/ s )^ (7) 

for s = (a s ,u s , J s ) G 5, e[g] = signdet^Miv), andx s = +1, for u s = e, andx s = -1, 
for u„ = m. 



3 Exact solutions 



In ifl the Majumdar-Papapetrou type solutions Wiff obtained in orthogonal case 
(II s , II s ) = 0, s ^ s'. (For non-composite case see Era). These solutions correspond 
to Ricci-flat (AL, <7 l ) ;[ i = 0, . . . , n, and were generalized also to the case of Einstein 
internal spaces 13. In a the Toda-lattice generalization of the "orthogonal" intersec- 
tion rules was obtained and cosmological and spherically symmetric (classical and 
quntum) solutions were considered. 
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